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(54) HOLLOW-FIBER BLOOD-PURIFYING MEMBRANE AND PROCESS FOR PRODUCING THE 
SAME 



(57) A hollow-fiber blood-purifying membrBne com- 
prising substantially cellulose acetate, wtierein cellulose 
acetate polymer particles distribute substantially nondi- 
rectionally on the inner surlace of the hollow fiber and 
the inner and outer surtaces of thef Iber have each a den- 
slfied layer with a thickness of 30-1 ,000 nm, the mem- 
brane wall part between two such layers having a 
8ul>stantially homogeneous porous structure, and which 
has an in vitro ultrafiltration rate (UFR) of 10-50 
mlAnz-mmHg'hr, an in vivo UFR to in vitro UFR ratio of 
0.3 or above, a plasma albumin permeation inhtoition 
ratio of 90 % or above, and an /n vivo Pz-microglcbulin 
(Pz-MG) sieving factor of 0.4 or above. 



Fig.1 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a hollow fiber k)lood purifying membrane, and particularly to a blood purifying mem- 
brane made of high-performance hollow cellulose acetate fibers having a specific internal/external surface ratio arxJ 
cross-section condition, and having a specific selective permeability. More specifically, the present invention provides a 
blood purifying menrtbrane made of hollow fibers composed cf a cellulose acetate polymer with a high degree of polym- 
erization, which excels at removing middle to high nx)lecular proteins of molecular weight 10.000 to 20.000, such as Pr 

10 microglobulin (PrMG). has excellent blood plasma albumin permeation blockage, has a small difference in in vivo and 
in vitro ultrafOtration rate (UFR) values, undergoes little change in perfornr^nce with time, and is excellently suited for 
living organisms. The present invention also provides a process for the production of such a blood purifying membrane. 

BACKGROUND ART 

Selectively permeable hollow fibers have been used in common practice lor blood dialysis. The blood purifying 
apparatuses used for blood dialysis comprise a plurality of dialysis membranes, for example hollow fiber membranes, 
arranged in parallel In a cage-tike housing, and the patients blood is alkjwed to f k)w through the inner hollow while the 
dialyzing fluid is allowed to flow on the outside, i.e. between the hollow fibers, for dialysis through the hollow fiber mem- 

20 branes to remove waste products from the blood and rectify electrolyte concentrations, with ultrafiltration canied out due 
to the differential pressure between the inside and outside of the hollow fibers, to remove excess water from the t^ood. 

The hollow fbers for blood processing must be selectively permeable to specific substances, depending on the 
purpose. Their performance is determined based on the material of the hollow fibers as well as the ponDsity (size and 
number of pores, etc.) and meni)rane thickness. 

2$ Cellulose and cellulose acetate are two materials commonly used in hollow fibers for blood purifiers. In particular, 
cellulose acetate fibers are relatively easy 1o produce by commorHy used spinning methods such as plastidzing melt 
spinning or wet spinning, and when the resultant hollow fbers are used for blood dialysis therapy, they provide the 
advantage of allowing some degree of suppression of complement activity in contrast to, fbr example, hollow cellulose 
fibers. 

30 Conventional blood purification menbranes made of cellulose acetate, however, even with pore sizes large enough 
to allow removal of pr^^. have become dogged by adsorption of proteins, etc. during the dialysis procedure, leading 
to deterioration with time accompanied by a marked decrease in the ultrafiltration rate, whereas membranes which are 
too dense have lacked the ability to renxsve middle to high molecular weight proteins such as Pr^G- 

On the other hand, hollow fbers produced by melt spinning cellulose acetate are disclosed in Japanese Unexamined 

35 Patent Publicatton No. 54-42420 which describes a process for obtaining a dialysis membrane by adding a homogeneous 
mixture of polyethylene glycol and glycerine to a cellulose ester to produce hollow fibers and then extracting the mixture. 
The membrane obtained by this process, howe/er. is limited to permeability to low molecular weight substances, and 
being a dense membrane it is vastiy different from the membrane obtained by the production process of the present 
invention. 

40 In Japanese Examined Patent Publication No. 3-62447. some of the present inventors have proposed a process by 
whteh hollow fibers are made from a composition prepared by mixing a cellulose ester with given proportions of a water- 
soluble polyhydric alcohol and an additive selected from the group consisting of polyethers one of whose residues is 
glycerin, which substantially has no plastidzing effect on the cellulose ester and is compatible wltti the polyhydric alcohol, 
after which the additive is removed by extraction. For this purpose there is indicated a process for forming a microphase 

45 separation during melt spinning of the cellulose acetate, i.e. a process for producing a membrane by combination of the 
specific water-soluble polyhydric alcohol and the polyetiier one of whose residues is glycerin. This constituted a con- 
siderable improvement over conventional processes fbr producing a porous structure in hollow cellulose acetate fibers 
by melt spinning. 

so DISCLOSURE OF THE INVENTION 

The present inventors have conducted diligent research with the aim of providing a hollow cellutose acetate f ber 
blood purifying membrane with low deterioration over time and excellent ability to remove middle to high molecular 
proteins such as P2*MG. features not provided by conventional blood purifying membranes employing cellulose acetate, 
ss and which is also excellentiy suited fbr purifying blood. 

The present inventors have completed the present invention on the basis of the finding that a blood purifying mem- 
brane wHh tiie desired properties can be provkied by a hollow cellulose acetate fiber membrane of which the inner 
surface of the hollow portion is substantially flat and the arrangement of the cellulose acetate polymer particles on the 
Inner surface is substantially non-oriented, which has a tiiin dense layer wrth a thickness In the range of 30 to 1000 nm 



2 



EPO 697242 A1 



on both the innermost and outermost portion of the membrane as viewed by a cross-section of the hollow fibers, and 
which has a porous structure which is substantially unHbrm from the Inside to the outside of the membrane. 

In other words, the present Invention provides a hollow fiber blood purifying membrane characterized by being a 
hollow fiber membrane substantially composed of cellulose acetate, by having a substantially non-oriented distribution 
of cellulose acetate polymer particles on the inner surface of the hollow fibers, having a thin dense layer with a thickness 
in the range of 30 to 1000 nm on both the Inner and outer surface of the hollow fibers and a porous structure which is 
substantially uniform at the membrane wall between the two dense layers, and by having an in vitro ultrafiltration rate 
(UFR) of 10 to 50 ml/m2'mmHg-hr and a ratio of (in vivo UFR)/{/n vitro UFR) of at least 0.3. a Wood plasma albumin 
permeation blockage of at least 90%, and an in vivo Pr"ijcroglobulin (prMC3) sieving coefficient of at least 0.4. 

The present inventk)n encompasses a hollow fiber blood purifying menrtirane the Inner surface of the hdlow fibers 
of which is substantially flat, a hollow fber blood purifying membrane the in vitro UFR off which is between 15 and 35 
mlATi2'mmHg-hr, and a hollow fiber Wood purifying membrane the Wood plasma albumin permeation Wockage of which 
is at least 93%. The present invention also encompasses a hollow fiber Wood purifying membrane the cellulose acetate 
acetylation degree of which is 50-58% and the cellulose acetate polymerization degree of which is 160 to 400. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 1s an illustrative high-resolution scanning electron microscope (SEM) photograph {SO.OOOx) of the inner surface 
of a hollow fiber to be used in a Wood purifying membrane according to the invention. 

Rg. 2 is an illustrative high-resolution SEM photograph (SO.OOOx) of the irinermost l^er of a aoss-section of a 
hollow fiber to be used in a Wood purifying membrane according to the inventton, with the dense layer off the inner surface 
shown on the left end. 

Fig. 3 is an illustrative high-resolution SEM photograph (50,000x) of the section between the wall membranes of a 
cross-section of a hollow iher to be used in a blood purifying membrane according to the invention. 

Fig. 4 is an illustrative high-resolution SEM photograph (SO.OOOx) of the outermost layer of a cross-section of a 
hollowf iber to be used in a Wood purifying membrane according to the invention, with the dense layer off the outer surface 
shown (»i the right end. 

Fig. 5 is an illustrative high-resolution SEM photograph (lO.OOOx) of the section between the wall membranes of a 
cross-section of a hWtow fiber to be used In a blood purifying membrane according to the invention. 

Fig. 6 is an illustrative high-resolution SEM photograph (50,000)0 of the inner surface of a hollow f iber according to 
Comparative Example 1. 

Fig. 7 is an illustrative high-resolution SEM photograph (SO.OOOx) of the section between the wall membranes of a 
cross-section of a hollow fber according to Comparative Example 1 . 

Rg. 8 is an illustrative high-resolution SEM photograph (50,000x) of the section between the wall membranes of a 
cross-section of a holksw fiber according to Comparative Example 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The holkw cellulose acetate fibers to be used according to the present invention substantially are composed mainly 
of cellulose acetate polymer. Here, the cellulose acetate polymer refers to a polymer wherein the -OH radicals of the 
cellulose have been acetylated to some degree, and preferred specific examples are cellulose diacetate and cellulose 
triacetate. Particularly preferred of these are cellulose acetates with acetylation degrees in the range of 50-58%, pref- 
erably 52-57% and more preferaWy 53-56%. With an acetylation degree of less than 50%, it is sometimes difficult to 
obtain many pores of large-sized radius. An acetylation degree exceeding 58% tends to result in clogging by absorption 
of proteins, etc. in the Wood during processing of the Wood. Here, the acetylation degree refers to the amount of bonded 
acetic acid (in percentage by weight) in the sample (polymer), and it is intended to mean the average acetylation degree. 

According to the present invention, the thickness of tiie dense layer on the inner surface and outer surface is pref- 
erably 30 to 100 nm. the in-vitro UFR is preferaWy 1 5-35 ml/mz-mmHg hr. the (/n-wVo UFR)/(/>> wfro UFR) value is pref- 
erably 0.35 or greater and more preferably 0.40 or greater, the blood plasma albumin permeation blockage is preferably 
at least 93%. and the in-vivo prMG sieving coefficient is preferaWy 0.45 or greater. 

The cellulose acetate polymer to be used according to tiie present invention preferaWy has an average polymeri- 
zation degree of 160 to 400, and particularly 200 to 300. Here, tfie average polymerization degree is intended to mean 
the value of the weight average molecular weight of tiie polymer divided by the molecular weight of tiie repeating unit 
of the polymer. Methods of measuring weight average molecular weight include, for example, gel permeation chroma- 
tography, viscosity measurement, sedimentation equilibrium measurement and light scattering metiiods. 

Witti an average polymerization degree of less than 1 60, it is difficult to lower the polymer concentration of the dope 
when making fibers, and especially when making fibers by melt spinning, while ttiere are also proWems in obtaining a 
membrane witti a pore radius suitaWe for removing p^MG and the containment strength of tiie pores is reduced. Con- 
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versely, when it is greater than 400 the production of the polymer itself becomes wore difficult, while high temperatures 
are needed for mett spinning and the cellulose acetate tends to easily decompose. 

Furthermore, the inner diameter of the hollow fibers is preferably between 100 and 300 (im, and more preferably 
between 1 50 and 250 jim. The membrane thickness is 20 jim or less, and preferably between 1 0 and 1 6 ^lm, when nwist. 

5 The hollow cellulose acetate fibers may have fins on the outer periphery extending in the direction of their length, 
in which case the ratio of H/W, where H is the height and W is the width, is preferably 0.5 or greater. This ratio H/W is 
preferably not less than 0.5 since it then becomes difficult to achieve the effect of preventing cohesion between the 
hollow fibers when they are kept in the blood purifying apparatus. The ratio H/W Is more preferably 0.8 or greater. Here, 
the width W of the fins is intended to mean the width Qim) at the midpoint along the height H of the fins. 

10 The number x of fins on the hollow fibers should be at least one. but if this number is 1 1 or more there is a notable 
decrease in the effective membrane area due to the base of the fins, and since this considerably impairs the performance 
in terms of substance dialysis and water permeation of the blood purifying apparatus, it is not practical. Generally, then, 
X is preferably 1-10 and more preferably 2-8. with a particularly eiffectlve range being 3-7. 

The height H of the fins is preferably 5 to 100 ^m. and particularly 9 to 60 ^m. Also, the ratio H/h of the fin height H 

IS (fim) and the membrane thickness h Oim) is preferably 0.5 to 3. and particularly 1 to 2. In addition, the ratio H/d of the 
average fin height H (^m) and the average diameter d Oim) of the hoik>w f bera without the fins is preferably 0.01 to 1 

— and more preferably 0.02 to 0.5. with a range of-0.034o 0.2 being particulariy-p^^ . 

Although it is preferred that the width at the base of the fins be nan'ower than at the top of fins, in most cases the 
bases tend to be wider due to surface tension of the spinning stock solution after it has been discharged from the nozzle. 

20 It is suitable in such cases for the width of the bases to be between 1 5 and 50 fim, and preferably between 20 and 40 ^m. 
Hollow fibers with fins described by the ranges given above have good oonicity, and are preferred for avoiding blood 
coagulation and residues inside the hollow f bers. 

The hollow fibers used preferably have a remoistened elongation rate of 3% or k)wer. A remoistened elongation rate 
of greater than 3% is not preferred since the hollow fibers stretch too much when moistened by being filled with physi- 
cs ological saline or the like after being housed in a blood purifying apparatus in a substantially dry state, there is inaeased 
local cohesion between the hollow fibers, and bending of the hollow fibers occurs. The remoistened elongation rate is 
more preferably 2.5% or lower. There is no particular minimum limit for the remoistened elongation rata 

The remoistened elongation rate a may be calculated by the equation a = {{L i-L)/L} x 100 . where L is the lengtii 
of the substantially dry hollow fibers under a load of about 0.1 g/de, and Li is the lengtii of the water-moistened fibers 

30 when measured under a load of about 0.01 g/de. Here, "substantially dry" means a state in which ttie glycerin content 
is 30-60% and the water content is 0.5-9%. obtained upon drying the hollow f ibera after they are inrunersed in an aqueous 
glycerin solution. The hollow fibers to be used according to the present invention preferably have a substantial flexural 
rigidity in tiie range of 200 mg/200 fibers or greater, and the pressure resistance when pressure is applied to the inside 
of the moistened hollow fibers is preferably a bursting pressure of at least 4 kg/cm2. This provides various advantages, 

35 in that hollow f bars within this range are easy to manage during production of blood purifying apparatuses, ttieir lengtiis 
tend to be more uniform in blood purifying apparatuses, and they are less prone to damage by pressure exerted during 
use of tiie blood purifying apparatuses. 

A hollow fiber Wood purifying membrane according to ttie present invention not only has excellent ability to remove 
middle to high molecular proteins such as PrMG, but also satisfactorily rernoves lower molecules such as urea. The 

40 overall mass transfer coefficient for urea is 0.040 cm/min or greater, preferably 0.042 cnrt/min or greater, and more pref- 
erably 0.047 cm/ifnin or greater. Here, ttie overall mass transfer coefficient (Ko) is ttie value obtained by the following 
formula, and it is a parameter expressing ttie ease witti which solutes pass tiirough the bkxxJ purifying apparatus. 

Here, Qb is the blood flow (ml/min). Oq is the dialysate flow (ml/min), A is the membrane area (cm?), Z is Q^Qq, 
so and is ttie clearance. The clearance refers to ttie blood flow when ttie solute concentration is 0. and it is calculated 
kiy tiie following formula. 

ss Here, Cbi is ttie solute concentration at ttie blood inlet point, Qbi is ttie flow at ttie blood inlet point, Cbo Is tiie 

solute concenttation at ttie blood outlet point and Qbo Is the flow at the blood outtet point 

The type of hollow fibers descnbed above which are useful for the present i nvention may be produced by any publicly 
known process including melt spinning, wet spinning, semi-dry/semi-wet spinning, etc. For example in the case of melt 
spinning, the spinning stock used is a heated melt solution of the cellulose acetate polymer containing an additive, and 



4 



EP0 697242A1 



this is discharged from a spinning nozzle and cooled to hardness to form hollcw fibers, after which a solvent which 
dissolves the additive but not the cellulose acetate polymer is used to renxsve at least part of the additive in the hollow 
fibers by extraction, making it possible to obtain hollow cellulose acetate fibers with selective permeability. 

Thus, a hollow fiber blood purifying membrane according to the present invention may be produced by the following 

5 process, for example. That is. a mixture is prepared containing, with respect to 1 00 parts by weight of a cellulose acetate 
polymer, at least one type of water-soluble polyhydric alcohol with a thermoplasticizing effect on the cellulose acetate 
polymer and a solubilify parameter of less than 10 (X parts by weight), at least one type of water-soluble pdyether with 
a solubility parameter exceeding 14 and at least one residue comprising glycerin (Y parts by weight), and at least one 
type of water-soluble polyhydric alcohol with a solubility parameter in the range of 10 to 14 (Z parts by weight), in the 

10 ranges specif ied by the following inequalities (i)-(iii). 

120SX-I-Y-I-ZS250 0) 

lOsYslOO (fi) 

16 

3sZs50 (iii) 



and after this mixture is melt spun into hollow f bers. the obtained hollow fibers are subjected to extraction with a heated 
aqueous medium, and at least one type of either a polyether with at least one residue comprising glycerin or a polyhydric 

20 alcohol, which is water-soluble and harmless and has a solubility parameter exceeding 1 4. is attached thereto. 

The water-soluble polyhydric alcohol withathennoplasticizing effect on the cellulose acetate polymer and a solubility 
parameter of less than 10 may be a water-soluble polyhydric alcohol such as. for example, polyettylene glycol or poly- 
propylene glycol, with a molecular weight of 200 or greater, and polyethylene glycol with a nrwlecular weight of 200 or 
greater is particularly preferred for stable melt spinning at high temperatures. The polyhydric alcohol functions as a 

25 plasticizer for the cellulose acetate polymer. 

Specific examples of polyethers with a solubility parameter exceeding 1 4 and at least one residue comprising glycerin 
include polyethers represented by the following fbrmUa 

CH2-O -f-CHj-CHR^-Otr-H 

30 I 

CH 0 -t-CHj-CHR^-Qtb-H 

CHj-O "t<;H2-CHR'-C>h-H 

ss 



where Ri . R2 and may be the same or different and each represents H or -CH3, and a, b and c are each 0 or natural 
numbers, satisfying the inequality 1 sa + b + cs20. which is obtained by dehydration reaction between a hydroxyl 
group of glycerin and a hydroxyl group of ethylene glycol, propylene glycol, polyethylene glycol, polypropylene glycol or 

40 a copolymer of ethylene glycol and propylene glycol, as well as polyethers which are glycerin polymers with a polymer- 
ization degree of 2-20. and mixtures thereof. Specific exanrples of such polyethers which are especially useful are dig- 
lycerin, glycerin and mixtures thereof. These polyethers have a microphase separation effect due to their low compatibility 
with cellulose acetate polymers, and are thus useful as pore-forming agents. The molecular weight of the polyether is 
preferably within the range specified above, since molecular weights exceeding that range result in inhibition of the 

45 ptasticizing effect of the polyhydric alcohol and thus inpaired ability to be made into fibers. 

Also, the water-soluble polyhydric alcohol with a solubility parameter of from 10 to 14 is preferably a dihydric alcohol, 
and specific examples thereof include aliphatic glycols of 4 to 6 carbon atoms such as 1 ,4-butanediol, 1,5-pentanediol, 
triethylene glycol. Of these, butanediol is particularly preferred. The water-soluble polyhydric alcohol functions as a 
dispersing agent to improve the dispersability of the polyether in the plasticizer. 

so In the process described above, the amounts X, Y and Z (parts by weight) of each of the components added to 100 
parts by weight of the cellulose acetate polymer are preferably within the ranges specified by the following inequalities 
(l-l)to(iil-l). 

160sX + Y + Zs240 

55 

lOsYsSO (ii-D 
3 s Z g 35 0"-1) 
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Using a mixture with these mixing proportions allows stable, long-term spinning of hoilowf ibers of a desired shape 
and good roundness, by employing a publicly known melt spinning method for obtaining hollow fibers. 

According to the process of the present invention, when the ahfiount of the polyether is less than 10 parts by weight 
(Y<10). the mett viscosity of the mixture becomes markedly more dependent on the temperature, varying greatly with 
5 even small temperature differences, and therefore stable spinning is hampered. On the other harxi, when the amount 
is greater than 1 00 parts by weight (Y>1 00), the plasticity of the poiyhydric alcohol is weakened thus inviting fiber break- 
age, while the poiyhydric alcohol and polyether tend to separate and be deposited on the fiber walls, thus impairing the 
solute-fractionating properties of the fiber after extraction. 

By spinning a mixture of the cellulose acetate polymer, the poiyhydric alcohol with a solubility parameter of less 
10 than 10, the polyether with a solubility parameter exceeding 14 and the poiyhydric alcohol with a solubility parameter 
between 10 and 14, it is possible to obtain hollow fibers with the desired water-removal performance and substance 
permeability, but the performance depends greatly on the composition of each of the components and the nature of the 
hollow fiber mentbrane based on these components. 

A low amount of polyether in the mixture results in a stronger aff inity of the poiyhydric alcohol to the cellulose acetate 
IS polymer, and therefore the mixture has a nearly uniform composition on the level of the cellulose acetate polymer nrwl- 
ecules. Consequently it becomes impossible to obtain a holtow fiber membrane with the desired pemneability even with 
extraction after melt spinning. 

Furthermore, when the poiyhydric alcohol used as the dispersing agent, i.e. the poiyhydric alcohol with a solubility 
parameter of between 10 and 14 is present in an amount of less than 3 parts by weight (Z^), the polyether has poor 
20 dispersabiiity in the dope, making it impossible to obtain a uniform microphase separation structure and tending to result 
in the formation of large-sized pores, whereas conversely, when it is present in an amount exceeding 50 parts by weight 
(Z>50), the inside of the hollow fibers tends to be rough, resulting in a large amount of blood residue. 

The solubility parameter referred to in this specification is that proposed by Hildebrand and calculated from the 
cohesive energy density (see J. Hildebrand & R.L Scott, The Solubility of Non-Electrolytes, pp.94, 1 21 , 425 (1 948)). 
25 The melt spun hollow fibers are then subjected to extraction with a heated aqueous medium to extract and remove 
each of the added components (plastidzer, pore-fbrming agent and dispersing agent). The extraction is preferably carried 
out using water heated to 70-88<'C. If the temperature is lower than yo^'C then adequate performance is not exhibited, 
and if it exceeds 88°C the smoothness of the inside of the hollow fibers is poor, sometimes causing problems of blood 
residue. 

30 Next, at least one of either a poiyhydric alcohol such as glycerin or a polyether with at least one residue conrprising 
glycerin, which is water-soluble and harmless and has a solubility parameter exceeding 14. is attached to the hollow 
fibers. These are preferably added in an anxsunt of 90 to 1 50 parts by weight to 100 parts by weight of the cellulose 
acetate polymer. If this is less than 90 parts by weight, the pores lack stable retention and thus tend to exhibit poor 
performance. On the other hand, if it is greater than 150 parts by weight, leaks tend to occur In the tubes during molding 

35 of the module of the blood purifying apparatus. 

The present invention will now be more fully explained by way of the following examples. These examples, however, 
are not intended to restrict the present invention in any way. The term "parts" refers to parts by weight throughout. 

Example 1 

40 

To 1 00 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%, 
there was added and mixed therewith 210 parts of an additive prepared by mixing 76% of polyethylene glycol with a 
molecular weight of 400 (solubility parameter: 8.6), 1 7% of diglycerin (solubility parameter: 1^ and 7% of 1 ,4-butanediol 
(solubility parameter: 1 3), in terms of weight ratios. The mixture was melted at 1 80-200'C, and spinning was performed 
45 using a nozzle for hollow fibers with a double toric slit, introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to 84''C, and after addition of glycerin (solubility parameter: 1 7. 1 ) 
to the hollow fibers in an amount of 120 PHR (120 parts to 100 parts of the polymer) and drying, the fibers were collected 
into bundles to assemble a blood purifying apparatus with a membrane area of about 1 .5 m?. The inner diameter of the 
hollow fibers was 1 97 p.m, and the membrane thickness was 1 3.0 pin. 
so During the process the inner surface of the hollow fibers and a cross-section perpendicular to the axis of the fibers 
(hereunder, "cross-section) were observed using a high-resolution SEM (model S-900, product of Kitachi Seisakusho). 
The photographs are shown in Rgs. 1-5. 

The inner surface of the resultant hollow fibers was substantially flat and the arrangement of the cellulose diacetate 
polymer particles on the Inner surface was substantially non-oriented (see Fig. 1). while there was a thin dense layer 
55 with a thickness of about 50 nm on both the innermost and outermost portion of the membrane as viewed by a cross- 
section of the hollow fibers, and the area between the innernwst portion to the outermost portion had a substantially 
uniform porous structure (see Rgs. 2-5). 

The performance of this blood purifying apparatus is shown in Table 1. 
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Here, the blood plasma albumin permeation blockage was calculated according to the following formula using human 
blood plasma (obtained from Wako Junyaku. KK. through the Japan Biomaterials Center). The circulation volume of the 
blood plasma at the time was 200 ml/min, the filtrate was also sent back to the initial solution, the temperature of the 
initial solution was and the ECUM method (measuring by ultrafiltration alone without using diaiyzing fluid) was 
performed after 2 hours of circulation with the differential pressure set for a filtrate flow rate of 10 ml/ifnin at the start 

Permea^on blocKage = SSS'' ^°°(*) 
Also, the in wvo Pr^Q sie\^ng coefficient was calculated according to the formula: 

filtrate Pg-MQ cone. 



Sieving C06fficient(SC) ' 



blood p 2-MG cone, prior to entering blood purifier 

The PrMG sieving coefficient was measured in a clinical dialysis test by the ECUM method for 1 hour after the start off 
dialysis, with a blood flow rate of 200 ml/min. The ultrafiltration rate (UFR) referred to here is the amount of elin^'nated 
water per unit area (nl2) obtained per unit of time (one hour) per unit of pressure (mmHg) (ml/mz-mmHg-hr), the in vivo 
UFR Is the value actually measured after the course of one hour from the start of dialysis in a clinical dialysis test, and 
the in- vitro UFR is the value measured using distilled water. The degree of Wood residue was evaluated by visually 
examining the Wood remaining in the hollowf iber sectfon of the Wood purifying apparatus after reinfusion upon completion 
of the dinical dialysis. 

Table 1 
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Example 2 

To 1 00 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%, 
there was added 200 parts of an additive prepared by mixing 75% of polyethylene glycol with a molecular weight of 400. 
20% of diglycerin and 5% of 1 ,4-butanediol in terms of weight ratios, the components were mixed and melted in an 
extruder at 1 80-215'C. and the mixture was spun by discharge through a nozzle for hollow fibers with a douWe toric slit 
while introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to 84'C. and after addition of glycerin to the hdtaw f toere In an 
amount of about 1 20 PHR and drying, the fibers were bundled to assemWe a Wood purifying apparatus with a membrane 
area of about 1.5m2.Theinnerdiameterof the hollow fibers was about 200 jim, and the membrane thickness was 13.5 
(im. 

A view of the Inner surface and cross-section of the resultant hollow fibers showed a flat inner surface roughly the 
same as seen in the photograph in Example 1 , a cross-section with a thin dense layer having a thickness of about 50 
nm on the innermost and outermost portions, and a substantially uniform porous sectfon between them. 

The performance of this Wood purifying apparatus is shown in TaWe 2. 

TaW6 2 



UFR 


Plasma albumin per- 
meation Wockage 


PrMG sieving coef- 
ficient (in-vivc^ 


Blood residue {in-vivo} 


in-vitro 


in-vivo 


in- vivo/ in -vitro 








40 


19 


0.48 


94.5% 


0.45 


good 



55 
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Example 3 

To 1 00 parts of cellulose diacetate wHh an average polymerization degree of 260 and an acetylatlon degree of 54%. 
there was added 208 parts of an additive prepared by mixing 73% of polyethylene glycol with a molecular weight of 400. 
5 5% of diglycerln, 1 5% of glycerin and 7% of 1 .4-butanediol In terms of weight ratios, the components were mixed and 
melted in an extruder at a temperature of 1 80-21 S^'C. and the mixture was spun by discharge through a nozzle for hollow 
fibers with a double toric slit while introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to 84*'C. and after addition of glycerin to the hollow fibers in an 
amount of about 130 PHR and drying, the fibers were bundled to assemk>le a blood purifying apparatus with a membrane 
70 area of about 1 .5 m^. The inner diameter of the hollow f bers was about 195 (im, and the membrane thickness was 13.5 
(im. 

The performance of this blood purifying apparatus is shown in Table 3. 



Table 3 



75 




UFR 


Plasma albu- 
min peirnriea- 
tion blockage 


PrMG sieving coef- 
ficient (in-wvD) 


Ko (urea) {in-vitro) 


Blood resi- 
due {ifhvivo) 




irhvitro 


in-vivo 


in- vivo/ in -vitro 










20 


42 


19 


0.45 


96.5% 


0.47 


0.052 (cm/min) 


good 



^ Example 4 

To 100 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylatlon degree of 
55.2%. there was added 208 parts of an additive prepared by mixing 72% of polyethylene glycol with a molecular weight 
of 400. 5% of diglycerin, 13% of glycerin and 10% of 1. 4-butanediol in terms of weight ratios, the components were 
30 mixed and melted in an extruder at 180-21 5*^0. and the mixture was spun by discharge through a nozzle for hollow fibers 
with a double toric slit while Introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to WO, and after addition of glycerin to the hollow fibers in an 
amount of about 1 30 PHR and drying, the f bers were bundled to assemble a blood purifying apparatus with a menrtbrane 
area of about 1 .5 trf^. The Inner diameter of the hollow fibers was about 198 fim, and the membrane thtokness was 13.5 
35 |im. 

The performance of this blood purifying apparatus is shown In Table 4. 



Table 4 



UFR 


Plasma albu- 
min permea- 
tion blockage 


P2-MG sieving coef- 
ficient {irhvivo) 


Ko (urea) [in-vitro) 


Blood resi- 
due {in-vivo) 


irhvitro 


irhvivo 


irhvivof in 'Vitro 










43.6 


19 


0.44 


95.5% 


0.49 


0.056 (cm/min) 


good 



Example S 

50 

To 100 parts of cellulose diacetate with an average polymerization degree of 170 and an acetylatlon degree of 
54.8%. there was added 1 60 parts of an additive prepared by mixing 78% of polyethylene glycol with a molecular weight 
of 400. 13% of diglycerin and 9% of 1 .4-butanediol in terms of weight ratios, and spinning was performed by the same 
procedure as in Example 1 to obtain hollow fibers. 
55 . The hollow fibers were also treated with water heated to 80**C to extract the additive, and glycerin was added in an 
amount of 95 PHR. The fibers were then bundled in groups of about 1 1 ,500 to assemble a blood purifying apparatus 
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with a membrane area of about 1 .5 nl2. Hie performance of this blood purifying apparatus is shown in Table 5. 



Tables 



5 



UFR 


Blood residue (In-vivo) 


in- vitro 


in- vivo 


in-vivofin-vitro 




12.0 


10.0 


0.83 


good 



10 

To 100 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%, 
IS there was added 21 0 parts of an additive prepared by mixing 50% of polyethylene glycol with a molecular weight of 400, 
25% of diglycerin and 25% of 1 ,4-butanedlol in terms of weight ratios, spinning was performed by the same procedure 

as in Example-1 , and then the additive was extracted withwater-heated4o90?C,-glycerin-was added.and the fibers were 

dried and bundled to assemble a blood purifying apparatus with a membrane area of about 1 .5 m^. The glycerin attached 
In an amount of 1 45 PH R. The inner diameter of the hollow fibers was 205 ^m, and the membrane thickness was 1 2.5 ^m. 
20 The inner surface and cross-section were observed with a high*resolution SEM as in Example 1 . The Inner surface 
had a large irregular streak along the direction of the fiber axis (see Rg. 6), and observation of the cross-section (see 
Rg. 7) revealed considerable variation in the pore system. In the irhvlvo evaluation, the blood residue was judged to be 
very poor. 

The performance of this blood purifying apparatus is shown in Table 6. 
25 The in-vivofit>vitro UFO ratio was very small, clogging occurred in the iovivo evaluation and the plasma albumin 
pemfieation blockage was also low, showing that the desired type of membrane had not been obtained. 



Table 6 



UFR 


Plasma albumin per- 
meation btockage 


sieving coef- 
ficient (//>wVo) 


Blood residue (in-vivo) 


in-vitro 


irhvivo 


irh vivo/ in 'Vitro 








67 


17 


0.25 


88% 


0.5 


poor 



35 



Comparative Example 2 

40 To 100 parts of cellulose diacetate with an average polymerization degree of 170 and an acetylation degree of 
54.8%, there was added 150 parts of an additive prepared by mixing 87.5% of polyethylene glycol with a molecular 
weight of 400 and 12.5% of diglycerin in tenns of weight ratios, and spinning was performed by the same procedure as 
In Example 1 to obtain hollow fibers. The hollow fibers were also treated with water heated to 70*C to extract the additive, 
and glycerin was added. The glycerin attached in an amount of 89 PHR. 

45 The fibers were then collected in bundles to assemble a blood purifying apparatus with a membrane area of about 
1,5nrt2. 

When the cross-section was observed by high-resolution SEM in the same manner as in Example 1 (see Rg. 8). it 
was found that the polymer had aggregated too densely and the proper porosity had not been achieved. In addition, the 
actual measured value of the p^MCa sieving coefficient of the membrane was very small at 0. 1 5, showing that the desired 
so performance coukJ not be obtained. 

INDUSTRIAL APPLICABILITY 

The present invention provides a cellulose acetate-based hollow fiber blood purifying membrane which undergoes 
55 tittle change in separation performance with time when used for blood purification procedures and which has excellent 
separation properties, and it may thus be used with advantages in the medical industry. 
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Claims 

1 . A hollow fiber blood purifying membrane characterized by being a hollow fiber membrane substantialty composed 
of cellulose acetate, by having a substantially non-oriented distribution of cellulose acetate polymer particles on the 

5 inner surface of the hollow fibers, having a dense layer with a thickness in the range of 30 to 1000 nm on both the 
Inner and outer surface of said hollow f ibers and a porous structure which is substantially uniform at the membrane 
wall between the two dense layers, and by having ah in vitro ultrafiltration rate (UFR) of 10 to 50 ml/m^-mmMg-hr 
and a {in vivo UFR)/(/n vitro UFR) ratio of at least 0.3. a blood plasma albumin permeation blockage off at least 90%, 
and an in vivo Pz-microglobutin (pr^O) sieving coefficient of at least 0.4. 

10 

2. A membrane according to Claim 1 , wherein the inner surfeice of sakJ holtaw fibers is substantially flat. 

3. A membrane according to Claim 1 or Claim 2, wherein said in-vitro ultrafiltration rate (UFR) is between 15 and 35 
mlArt^mmHglTr. 

15 

4. A membrane according to any of Claims 1 to 3, wherein said {in vivo UFR)/(//7 vitro UFR) ratio is at least 0.35. 

5. A membrane according to any of Claims 1 to 4, wherein said bk}od plasma albumin permeation btockage is at least 
93%. 

20 

6. A membrane according to any of Claims 1 to 5, wherein the acetytation degree of said cellulose acetate is 50-58%, 
and the polymerizatton degree Is 160 to 400. 

7. A process for produdng a hollow fiber blood purifying membrane, characterized in that a mixture containing, witii 
25 respect to 100 parts by weight of a cellulose acetate polymer, at least one type of water-soluble polyhydric alcohol 

with a thermoplastidzing effect on the cellulose acetate polymer and a solubility parameter of less than 10 (X parts 
by weight), at least one type of water-solut>le polyether with a solubility parameter exceeding 14 and at least one 
residue comprising glycerin (Y parts by weight), and at least one type of water-soluble polyhydric alcohol with a 
solubility parameter in the range of 10 to 14 (Z parts by weight), in the ranges spectfted by the following inequalities 
30 (Hii). 

120sX + Y + Z€250 (i) 
10 s Y s 100 (ii) 

35 

3sZs50 (iii) 

is melt spun into hollow fibers, after which the obtained hollow fibers are subjected to extraction wltti a heated 
aqueous medium, and at least one type of either a polyether with at least one residue comprising glycerin or a 
40 polyhydric alcohol, which is water-soluble and harmless and has a solubility parameter exceeding 14. is attached 
thereta 

8. The process according to Claim 7. wherein the amounts X, Y and X of the components of the additive with respect 
to 100 parts by weight of the cellulose acetate polymer are in the ranges specified by the following inequalities (i- 

45 l)to(iii-l) 

160siX-i-Y + Z£240 (i-1) 
10 s Y s 80 (1^-1) 

50 

3 s Z g 35 On-1) 

9. The process according to Claim 7. wherein said water-soluble polyhydric alcohol with a solubility parameter in the 
range of 10 to 14 is an aliphatfo glycol of 4 to 6 carbon atoms. 

55 

10. The process according to Claim 7, wherein said water-soluble polyhydric alcohol witii a solubility parameter of less 
than 10 is a water-soluble polyhydric alcohol with a molecular weight of at least 200. 
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11. The process according to Claim 7, wherein said water-soluble polyether is a polyether represented by the following 
formula 

CH — 0 -f-CH2-CHR2-0)^H 
CH2-O -t-CHj-CHR^-C^H 

w 

where . and may be the same or different and each represents H or -CHa. and a, b and c are each 0 or 
natural numbers, satisfying the inequality 1sa + b + cg20,a polyether which is a glycerin polymer with a polym- 
erization degree of 2 to 20, or a mixture thereof. 

IS 

12. The process according to Claim 7, wherein said heated aqueous medium is water heated to 70-88''C. 



13. The process according to Claim 7, wherein the acetylation degree of said cellulose acetate is 50-58%. and the 
polymerization degree is 160 to 400. 

20 



25 



3$ 



40 



SO 



S$ 
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Fig.1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig.6 
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Fig. 7 
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Fig.8 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a hollow fiber blood purifying membrane, and particularly to a blood purifying mem- 
brane made of high-performance hollow cellulose acetate fibers having a specific internal/external surface ratio and 
cross-section condition, and having a specific selective permeability. More specifically, the present invention provides a 
blood purifying mentbrane made of hollow fibers composed of a cellulose acetate polymer with a high degree of polym* 
erization. which excels at removing middle to high molecular proteins of molecular weight 10.000 to 20.000. such as Pr 

10 microglotxjiin (P2-MG), has excellent blood plasma albumin permeation blockage, has a small difference in in vh/o and 
in vitro ultrafiltration rate (UFR) values, undergoes little change In performance with time, and is excellently suited for 
living organisms. The present invention also provides a process for the production of such a blood purifying memtxane. 

BACKGROUND ART 

IS 

Selectively permeable hollow fibers have been used in common practice for blood dialysis. The blood purifying 
apparatuses-used-for blood dialysis comprise a plurality of dialy8i8 membrane8,.fbr example hollow fiber membranes, 
arranged in parallel in a cage-like housing, and the patienf s blood is allowed to flow through the Inner hollow while the 
dialyzing fluid is allowed to flow on the outside, i.e. between the hollow fibers, for dialysis through the hollow fiber mem- 

20 branes to remove waste products from the blood and rectify electrolyte concentrations, with ultrafiltration carried out due 
to the differential pressure between the inskle and outside of the hollow fibers, to remove excess water from the blood. 

The hollow fbers for blood processing must be selectively permeable to specific substances, depending on the 
purpose. Their performance is determined based on the material of the hollow fibers as well as the porosity (size and 
number of pores, etc.) and membrane thickness. 

2s Cellulose and cellulose acetate are two materials commonly used in hollow fibers for blood purifiers. In particular, 
cellulose acetate fibers are relatively easy to produce by commonly used spinning methods such as plasticizing melt 
spinning or wet spinning, and when the resultant hollow fbers are used for blood dialysis therapy, they provide the 
advantage of allowing some degree of suppression of complement activity in contrast to. for example, hollow cellulose 
fibers. 

30 Conventional blood purif ication menrbranes made of cellulose acetate, however, even with pore sizes large enough 
to allow removal of pz-MG. have become clogged by adsorption of proteins, etc. during the dialysis procedure, leading 
to deterioration with time accompanied by a marked decrease in the uttraf iltrat'on rate, whereas membranes which are 
too dense have lacked the ability to remove middle to high molecular weight proteins such as Pr^G, 

On the other hand, hollow fbers produced by melt spinning cellulose acetate are disclosed in Japanese Unexamined 

55 Patent Publication No. 54-42420 which describes a process for obtaining a dialysis membrane by adding a homogeneous 
mixture of polyethylene glycol and glycerine to a cellulose ester to produce hollow fibers and then extracting the mixture. 
The membrane obtained by this process, however, is limited to permeability to low molecular weight substances, and 
being a dense membrane it is vastly different from the membrane obtained by the production process of the present 
invention. 

40 In Japanese Examined Patent Publication No. 3-62447. some of the present inventors have proposed a process by 
which hollow fibers are made from a composition prepared by mixing a cellulose ester with given proportions of a water- 
soluble polyhydric alcohol and an additive selected from the group consisting of polyethers one of whose residues is 
glycerin, which substantially has no plasticizing effect on the cellulose ester and is compatible with the polyhydric alcohol, 
after which the additive is removed by extraction. For this purpose there is indicated a process for forming a microphase 

45 separation during melt spinning of the cellulose acetate, i.e. a process for producing a membrane by combination of the 
specific water-soluble polyhydric alcohol and the polyether one of whose residues is glycerin. This constituted a con- 
siderable Improvement over conventional processes fbr producing a porous structure in hollow cellulose acetate fibers 
by melt spinning. 

so DISCLOSURE OF THE INVENTION 

The present inventors have conducted diligent research with the aim of providing a hollow cellulose acetate fiber 
blood purifying membrane with low deterioration over time and excellent ability to remove middle to high molecular 
proteins such as Pr^^' features not provided by conventional blood purifying membranes employing cellulose acetate, 
55 and which is also excellently suited for purifying blood. 

The present inventors have completed the present invention on the basis of the finding that a blood purifying mem- 
brane with the desired properties can be provided by a hollow cellulose acetate fiber membrane of which the inner 
surface of the hollow portion is substantially flat and the arrangement of the cellulose acetate polymer particles on the 
inner surface is substantially non-oriented, which has a thin dense layer with a thickness in the range of 30 to 1000 nm 
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on both the innermost and outermost porton of the membrane as viewed by a cross-section of the hollow fibers, and 
which has a porous structure which is substantially uniform from the inside to the outside of the membrane. 

In other words, the present Invention provides a hollow fiber blood purifying membrane characterized by being a 
hollow fiber membrane substantially composed of cellulose acetate, by having a substantially non-oriented distribution 

s of cellulose acetate polymer particles on the inner surface of tfie hollow fibers, having a thin dense layer with a thickness 
in the range of 30 to 1000 nm on both the inner and outer surface of the hollow f ibers and a porous structure which is 
substantially uniform at the membrane wall between the two dense layers, and by having an in vitro ultrafiltration rate 
(UFR) of 10 to 50 ml/m?-mmHg-hr and a ratio of {in vivo UFRV(/n vitro UFR) of at least 0.3, a blood plasma albumin 
permeation blockage of at least 90%. and an in vivo Prnfiicroglotxjiin sieving coeffident of at least 0.4. 

TO The present invention encompasses a hollow f ber blood purifying membrane the inner surface of the hollow fibers 
of which is substantially flat, a hollow fber blood purifying membrane the in vitro UFR of which is between 15 and 35 
ml/m2*mmHg*hr. and a hollow fiber blood purifying membrane the blood plasma albumin permeation blockage of which 
Is at least 93%. The present invention also encompasses a hollow fiber blood purifying memi^rane the cellulose acetate 
acetyiation degree of which is 50-58% and the cellulose acetate polymerization degree of which is 160 to 400. 

15 

BRIEF DESCRIPTION OF THE DRAWIfCS 

Fig. 1 is an illustrative high-resolution scanning electron microscope (SEM) photograph (50,000x) of the inner surface 
of a hollow fiber to be used in a blood purifying membrane according to the invention. 
20 Fig. 2 is an illustrative high-resolution SEM photograph (SO.OOOx) of the Innermost layer of a cross-section of a 
hollow fiber to be used in a blood purifying membrane according to ttie invention, with the dense layer of tiie inner surface 
shown on the left end. 

Rg. 3 is an illustrative high-resolution SEM photograph (SO.OOOx) of the section between the wall merhbranes of a 
cross-section of a hollow fiber to be used in a blood purifying membrane according to the invention. 
25 Fig. 4 is an illustrative high-resolution SEM photograph (50.000x) of the outermost layer of a cross-section of a 
hollow fiber to be used in a blood purifying membrane according to the invention, with the dense layer of the outer surface 
shown on tiie right end. 

Fig. 5 Is an illustrative high-resolution SEM photograph (lO.OOOx) of the section between tiie wall menrisranes of a 
cross-section of a hollow fiber to be used in a blood purifying membrane according to the invention. 
30 Fig. 6 is an illustrative high-resolution SEM photograph (SO.OOOx) of the inner suriace of a hollow fiber according to 
Comparative Example 1 . 

Fig. 7 is an illustrative high-resolution SEM photograph (50,000x) of the section between the wall menixanes of a 
cross-section of a hollow fiber according to Comparative Example 1 . 

Fig. 8 is an illustrative high-resolution SEM photograph (50,000x) of the section between tiie wall menrtbranes of a 
35 cross-section of a hollow fiber according to Comparative Example 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The hollow cellulose acetate fibers to be used according to the present invention substantially are composed mainly 

40 of cellulose acetate polymer. Here, tiie cellulose acetate polymer refers to a polymer wherein tiie -OH radicals of the 
cellulose have been acetylated to some degree, and prefenred specific examples are cellulose diacetate and cellulose 
triacetate. Particularly preferred of these are cellulose acetates with acetyiation degrees in the range of 50-58%, pref- 
erably 52-57% and more preferably 53-56%. With an acetyiation degree of less than 50%, it is sometimes difficult to 
obtain many pores of large-sized radius. An acetyiation degree exceeding 58% tends to result in clogging by absorption 

45 of proteins, etc, in tiie Wood during processing of the Wood. Here, tiie acetyiation degree refers to tiie amount of bonded 
acetic acid (in percentage by weight) in tiie sanple (polymer), and it is intended to mean tiie average acetyiation degree. 

According to the present invention, the thickness of tiie dense layer on the inner surface and outer surface is pref- 
eraWy 30 to 100 nm, tiie in- vitro UFR is preferably 15-35 ml/nyz-mmHg-hr, the (in-vivo UFR)/(/n-Wfro UFR) value is pref- 
erably 0.35 or greater and more preferably 0.40 or greater, the blood plasma albumin permeation bk)ckage is preferaWy 

so at least 93%, and the in- vivo Pa-MG sieving coefficient is preferaWy 0.45 or greater. 

The cellulose acetate polym«' to be used according to tiie present invention preferably has an average polymeri- 
zation degree of 160 to 400, and particularly 200 to 300. Here, the average polymerization degree is intended to mean 
the value of the weight average molecular weight of the polymer divided by the molecular weight of the repeating unit 
of the polymer. Methods of measuring weight average molecular weight include, for example, gel permeation chroma- 

55 tography. viscosity measurement, sedimentation equilibrium measurement and light scattering methods. 

Witti an average polymerization degree of less than 160, it is difficult to lower the polymer concentration of the dope 
when making fibers, and especially when making fibers by melt spinning, while tiiere are also proWems in obtaining a 
membrane with a pore radius suitaWe for removing p^^G and the containment strength of the pores is reduced. Con- 
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versely. when it is greater than 400 the production of the polymer itself becomes more cfiff icutt, while high temperatures 
are needed for melt spinning and the cellulose acetate tends to easily decompose. 

Furthermore, the inner diameter of the hollow fibers is preferably between 100 and 300 ^m, and more preferably 
between 1 50 and 250 jim. The menibrane thickness is 20 ^im or less, and preferably between 1 0 and 1 6 iim, when moist. 

5 The hollow cellulose acetate fibers may have fins on the outer periphery extending in the direction of their length, 
In which case the ratio of HTW, where H is the height and W is the width, is preferably 0.5 or greater. This ratio H/W is 
preferably not less than 0.5 since it then becomes difficult to achieve the effect of preventing cohesion between the 
hollow fibers when they are kept in the blood purifying apparatus. The ratio H/W is more preferably 0.8 or greater. Here, 
the width W of the fins is intended to mean the width &im) at the midpoint along the height H of the fins. 

10 The number x of fins on the hollow fibers should be at least one, but if this number is 11 or more there is a notable 
decrease in the effective membrane area due to the base of the fins, and since this considerably impairs the performance 
in terms of substance dialysis and water permeation of the blood purifying apparatus, it is not practical. Generally, then, 
X Is preferably 1 -10 and more preferably 2-8, with a particidarly effective range being 3-7. 

The height H of the fins is preferably 5 to 100 jim. and particularly 9 to 60 \im. Also, the ratio H/h of the fin height H 

15 (>im) and the membrane thickness h ftim) is preferably 0.5 to 3, and particularly 1 to 2. In addition, the ratio H/d of the 
average fin height H Oim) and the average diameter d (^m) of the hollow f bers without the fins is preferably 0.01 to 1 

— and-more-preferably.0.02.tO-0.5,-with-a.range-Of.0.03-tO-0.2,being.partfc^ . 

Although it is prefen'ed that the wkJth at the base of the fins be narrower than at the top of fins. In most cases the 
bases tend to be wider due to surface tension of the spinning stock solution after it has been discharged from the nozzle. 

20 It is suitable in such cases for the width of the bases to be between 15 and 50 urn. and preferably between 20 and 40 jun. 
Hollow fibers with fins described by the ranges given ^ve have good conicity, and are preferred for avoiding blood 
coagulation and residues inside the hollow fibers. 

The hollow fibers used preferably have a remoistened elongation rate of 3% or kiwer. A remoislened elongation rate 
of greater than 3% is not preferred since the hollow fibers stretch too much when moistened by being filled with physi- 

25 ological saline or the like after being housed in a blood purifying apparatus in a substantially dry state, there is increased 
local cohesion between the hollow fibers, and bending of the hollow fibers occurs. The remoistened elongation rate is 
more preferably 2.5% or lower. There is no particular minimum limit for the remoistened elongation rata 

The remoistened elongation rate a may be calculated by the equation a = {{L i-L)/L} x 100 , where L is the length 
of the substantially dry hollow fibers under a load of about 0.1 g/de, and Li is the lengtti of the water-moistened fibers 

30 when measured under a load of about 0.01 g/de. Here, "substantially dry" means a state in which the glycerin content 
is 30-60% and the water content is 0.5-9%, obtained upon drying the hollow fibers after they are immersed in an aqueous 
glycerin solution. The hollow fibers to be used according to the present invention preferably have a substantial f lexural 
rigidity in the range of 200 mg/200 fibers or greater, and the pressure resistance when pressure is applied to the inside 
of the moistened hollow fibers is preferably a bursting pressure of at least 4 kg/cm2. This provWes various advantages, 

35 in that hollow fibers within this range are easy to manage during production of blood purifying apparatuses, their lengths 
tend to be more uniform In blood purifying apparatuses, and they are less prone to damage by pressure exerted during 
use of the blood purifying apparatuses. 

A hollow fiber blood purifying membrane according to the present invention not only has excellent ability to remove 
middle to high molecular proteins such as PrMG. but also satisfactorily removes lower molecules such as urea. The 

40 overall mass transfer coefficient for urea is 0.040 cmAmin or greater, preferably 0.042 cm/min or greater, and more pref- 
erably 0.047 cm/rnin or greater. Here, the overall mass transfer coefficient (Ko) is the value obtained by the following 
formula, and it is a parameter expressing the ease with which solutes pass through the blood purifying apparatus. 

1>C,/Qo 



Here, Qb is the blood flow (ml/min), Qo is the dialysate flow (ml/min), A is the membrane area (cm2), Z is Qb/Q[> 
50 and Ci. is the clearance. The clearance refers to the blood flow when the solute concentration is 0, and it is calculated 
by the following fomiula. 

^ CBf<QBrOBo>^OBo 

55 Here, Cbi is the solute concentration at the blood inlet point. Qbi is the flow at the blood inlet point, Cbo is the 

solute concentration at the blood outlet point and Qbo is the flow at the blood outlet point. 

The type of hollow fibers described above which are useful for the present invention may be produced by any publicly 
known process including melt spinning, wet spinning, semi-dry/semi-wet spinning, etc. For example in the case of melt 
spinning, the spinning stock used is a heated melt solution of the cellulose acetate polymer containing an additive, and 
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this is discharged from a spinning nozzle and cooled to hardness to form hollow fibers, after which a solvent which 
dissolves the additive but not the cellulose acetate polymer Is used to remove at least part of the additive In the hollow 
fibers by extraction, making it possible to obtain hollow cellulose acetate fibers with selective permeability. 

Thus, a hollow fiber Wood purifying membrane according to the present invention may be produced by the following 

s process, for example, that is, a mixture is prepared containing, with respect to 1 00 parts by weight of a cellulose acetate 
polymer, at least one type of water-soluble polyhydric alcohol with a thermoplasticizing effect on the cellulose acetate 
polymer and a solubility parameter of less than 10 (X parts by weight), at least one type of water-soluble polyether with 
a solubility parameter exceeding 14 and at least one residue comprising glycerin (Y parts by weight), and at least one 
type of water-soluble polyhydric alcohol with a solubility parameter in the range of 10 to 14 (Z parts by weight), in the 

10 ranges specified by the following inequalities (i)-(il>)i 

120sX + Y + Z^250 CO 

lOgYslOO (n) 

IS 

3sZs50 (Hi) 



and after this mixture is melt spun into hollow f bers. the obtained hollow f ibers are subjected to extraction with a heated 
aqueous medium, and at least one type of either a polyether with at least one residue comprising glycerin or a polyhydric 

20 alcohol, which is water-soluble and harmless and has a solubility parameter exceeding 14. is attached thereto. 

. The water-soluble polyhydric alcohol with a thermoplasticizing effect on the cell ulose acetate polymer and a solubility 
parameter of less than 10 may be a water-soluble polyhydric alcohol such as, for example, polyethylene glycol or poly- 
propylene glycol, with a molecular weight of 200 or greater, and polyethylene glycol with a molecular weight of 200 or 
greater is particularly preferred for stable melt spinning at high temperatures. The polyhydric alcohol functions as a 

25 plasticizer for the cellulose acetate polymer. 

Specific examples of polyethers with a solubility parameter exceeding 1 4 and at least one residue comprising glycerin 
include polyethers represented by the following formula 

CH2-O -h:h2-chr*-c>)7-h 

30 I 

CH — O -f-CH^-CHR^-QtrH 
CHj-O -<-CH2-CHR^-0)t-H 

35 

where Ri , R2 and R3 may be the same or different and each represents H or -CH3. and a, b and c are each 0 or natural 
numbers, satisfying the inequality 1 sa + b-fcs20, which Is obtained by dehydration reaction between a hydroxyl 
group of glycerin and a hydroxyl group of ethylene glycol, propylene glycol, polyethylene glycol, polypropylene glycol or 

40 a copolymer of ethylene glycol and propylene glycol, as well as polyethers which are glycerin polymers with a polymer- 
ization degree of 2-20, and mixtures thereof. Specif ic examples of such polyethers which are especially useful are dig- 
lycerin, glycerin and mixtures thereof. These polyethers have a microphase separation effect due to their low compatibility 
with cellulose acetate polymers, and are thus useful as pore-forming agents. The molecular weight of the polyether is 
preferably within the range specified above, since molecular weights exceeding that range result in inhibition of the 

45 plasticizing effect of the polyhydric alcohol and thus impaired ability to be made into fibers. 

Also, the water-soluble polyhydric alcohol witii a solubility parameter of from 1 0 to 14 is preferably a dihydric alcohol, 
and specific examples thereof include aliphatic glycols of 4 to 6 carison atoms such as 1 .4-butanediol. 1 ,5-pentanediol, 
triethylene glycol. Of these, butanediol is particularly prefen^ed. The water-soluble polyhydric alcohol functions as a 
dispersing agent to improve the dispersability of the polyether in the plasticizer. 

so In the process described above, the amounts X, Y and Z (parts by weight) of each of the components added to 100 
parts by weight of the cellulose acetate polymer are preferably within the ranges specified tiy the fbllcwing inequalities 
(i-l)to(iii-l). 

160£X + Y4-Zs240 (i-1) 

55 

lOsYsSO (ii-1) 
3 S5 Z ^ 35 (iii-1) 
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Using a mixture with these mixing proportions allows stable, long-term spinning of hollow fibers of adesired shape 
and good roundness, by employing a publicly known meK spinning method for obtaining hollow fibers. 

According to the process of the present invention, when the amount of the polyether Is less than 10 parts by weight 
(Y<10). the melt viscosity of the mixture becomes markedly more dependent on the temperature, varying greatly with 
even small tennperature differences, and therefore stable spinning Is hampered. On the other hand, when the amount 
is greater than 1 00 parts by weight (Y>1 00), the plasticity of the polyhydric alcohol is weakened thus inviting fiber break- 
age, while the polyhydric alcohol and polyether tend to separate and be deposited on the fiber walls, thus impairing the 
solute-fractionating properties of the fiber after extraction. 

By spinning a mixture of the cellulose acetate polymer, the polyhydric alcohol with a solubility parameter of less 
than 10, the polyether with a solubility parameter exceeding 14 and the polyhydric alcohol with a solubility parameter 
between 10 and 14, it is possible to obtain hollow fibers with the desired water-removal performance and substance 
permeability, but the performance depends greatly on the composition of each of the conponents and the nature of the 
hollow f ber membrane based on these components. 

A low amount of polyether in the mixture results in a stronger affinity of the polyhydric alcohol to the cellulose acetate 
polymer, and therefore the mixture has a nearly uniform composition on the level of the cellulose acetate polymer mol- 
ecules. Consequently it becomes impossible to obtain a hollow fiber membrane with the desired permeability even with 
extraction after melt spinning. 

Furthermore, when the polyhydric alcohol used as the dispersing agent, i.e. the polyhydric alcohol with a solubility 
parameter of between 10 and 14 is present in an amount of less than 3 parts by weight (Z<3), the polyether has poor 
dispersability in the dope, making it impossible to obtain a uniform microphase separation structure and tending to result 
in the formation of large-sized pores, whereas conversely, when it is present in an amount exceeding 50 parts by weight 
(Z>50). the inside of the hollow f ibers tends to be rough, resulting in a large amount of blood residue. 

The solubility parameter refen'ed to In this specification is that proposed by Hildebrand and calculated from the 
cohesive energy density (see J. Hildebrand & R.L Scott, The Solubility of Non-Electrolytes, pp.94, 121. 425 (1 948)). 

The melt spun hollow fibers are then subjected to extraction with a heated aqueous medium to extract and remove 
each of the added components (plastidzer, pore-forming agent and dispersing agent). The extraction is preferably carried 
out using water heated to 7Q-WC. If the temperature is lower than VO^'C then adequate performance is not exhibited, 
and if it exceeds 88^C the smoothness of the inside of the hollow fibers is poor, sometimes causing problems of blood 
residue. 

Next, at least one of either a polyhydric alcohol such as glycerin or a polyether with at least one residue comprising 
glycerin, which is water-soluble and harmless and has a solubility parameter exceeding 14. is attached to the hollow 
fibers. These are preferably added in an amount of 90 to 150 parts by weight to 100 parts by weight of the cellulose 
acetate polymer. If this is less than 90 parts by weight, the pores lack stable retention and thus tend to exhibit poor 
performance. On the other hand, if it is greater than 1 50 parts by weight, leaks tend to occur in the tubes during molding 
of the module of the blood purifying apparatus. 

The present invention will now be more fully explained by way of the following examples. These examples, however, 
are not intended to restrict the present invention in any way. The term "parts" refers to parts by weight throughout 

Exannple 1 

To 1 00 parts of celtufose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%, 
there was added and mixed therewith 210 parts of an additive prepared by mixing 76% of polyethylene glycol with a 
molecular weight of 400 (solubility parameter: 8.6), 1 7% of diglycerin (solubility parameter: 1 ^ and 7% of 1 ,4-butanedk)l 
(solubility parameter: 13), in terms of weight ratios. The mixture was melted at 180-200°C, and spinning was perfomfied 
using a nozzle for hollow fibers with a double toric slit introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to 84*'C. and after addition of glycerin (solubility parameter: 1 7. 1 ) 
to the hollow fibers in an amount of 120 PHR (120 parts to 100 partsof the polymer) and drying, the fibers were collected 
into bundles to assemble a blood purifying apparatus with a membrane area of about 1 .5 m?. The inner diameter of the 
hollow fibers was 1 97 jim, and the membrane thickness was 1 3.0 nm. 

During the process the inner surface of the hollow fibers and a cross-section perpendicular to the axis of the fibers 
(hereunder, "cross-section) were observed using a high-resolution SEM (model S-900. product of Hitachi Seisakusho). 
The photographs are shown in Figs. 1-5. 

The inner surface of tiie resultant hollow fibers was substantially flat and the arrangement of the cellulose diacetate 
polymer particles on the inner surface was substantially non-oriented (see Fig. 1). while ttiere was a thin dense layer 
with a thickness of about 50 nm on both the innermost and outermost portion of the membrane as viewed by a cross- 
section of the hdlow fibers, and ttie area between the innermost portion to tiie outermost portion had a substantially 
un'rform porous structure (see Rgs. 2-5). 

The performance of this blood purifying apparatus is shown in Table 1 . 
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10 



15 



20 



Here, the blocxd plasma albumin permeation blockage was calculated according to the following formula using human 
blood plasma (obtained from Wako Junyaku, KK. through the Japan Biomaterials Center). The circulation volume of the 
blood plasma at the time was 200 ml/min, the filtrate was also sent back to the initial solution, the temperature of the 
initial solution was 3rc. and the ECUM method (measuring by uttrafittration alone without using dialyzing fluid) was 
performed after 2 hours of circulation with the differential pressure set for a filtrate flow rate of 10 ml/min at the start 



Permeation blockage < 



filtrate abumin cone, 



X 100(%) 



initial albumin cone. 

Also, the in vivo PrMG sieving coeff kaent was calculated according to the fomiula: 

filtrate P2-MGcona 

Sieving coefficienl(SC) = blood p^-m cone, prior to entering blood purffier 

The prMG sieving coefficient was measured in a clinical dialysis test by the ECUM method for 1 hour after the start of 
dialysis, with a blood flow rate of 200 ml/min. The ultrafiltration rate (UFR) referred to here is the amount of eliminated 
water per unit area (nl2) obtained per unit of time (one hour) per unit of pressure (mmHg) (ml/mZ-mmHg-hr), the in vivo 
UFR is the value actually measured after the course of one hour from the start of dialysis in a clinical dialysis test, and 
the in-vitro UFR is the value measured using distilled water. The degree of blood residue was evaluated by visually 
examining the Wood remaining In the hollowf iber section of the blood purifying apparatus after reinfusion upon completion 
of the clinical dialysis. 

Table 1 



UFR 


Plasma albumin per- 
meation blockage 


PjrMQ sieving coef- 
ficient {in- vivo) 


Blood residue (/n-wio) 


in-vitro 


in-vivo 


in-vivofin -vitro 








34 


17 


0.5 


95% 


0.48 


good 



30 



35 



40 



45 



SO 



EyafTipl^2 

To 1 00 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%. 
there was added 200 parts of an additive prepared by mixing 75% of polyethylene glycol with a molecular weight of 400, 
20% off diglycerin and 5% of 1 ,4-butanediol in terms of weight ratios, the components were mixed and melted in an 
«ctruder at 180-215'C, and the ntixlure was spun by discharge through a nozzle for hollow fibers with a double toric slit 
while introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to 84*C. and after addition of glycerin to the hollow fibers in an 
amount of about 1 20 PHR and drying, the fibers were bundled to assemble a blood purifying apparatus with a membrane 
area of about 1 .5 mz. The inner diameter off the hollow fibers was about 200 fim, and the membrane thickness was 13.5 
fim. 

A view of the inner surface and cross-section of the resultant hollow fibers showed a flat inner surface roughly the 
same as seen in the photograph in Example 1 , a cross-section with a thin dense layer having a thickness of about 50 
nm on the Innermost and outermost portions, and a substantially uniform porous section between them. 

The performance of this blood purifying apparatus is shown in Table 2. 

Table 2 



UFR 


Plasma albumin per- 
meation blockage 


P2-MG sieving coef- 
ficient (/n-wVo) 


Blood residue (in- vivo) 


in-vitro 


in- vivo 


in-vivo/in -vitro 








40 


19 


0.48 


94.5% 


0.45 


good 



55 
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BcampiQ3 

To 1 00 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%, 
there was added 208 parts of an additive prepared by mixing 73% of polyethylene glycol with a molecular weight of 400, 
5% of diglycerin, 15% of glycerin and 7% of 1,4-butanediol in terms of weight ratios, the components were mixed and 
melted in an extruder at a temperature of 1 80-21 S'^C, and the mixture was spun by discharge through a nozzle for hollow 
fibers with a douk)le toric slit while Introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to 84'C, and after addition of glycerin to the hollow fibers In an 
amount of about 1 30 PHR and drying, the fibers were bundled to assemble a Wood purifying apparatus with a membrane 
area of about 1 .5 m?. The inner diameter of the hollow fibers was about 195 ^m, and the membrane thickness was 13.5 
Jim. 

The performance of this blood purifying apparatus is shown in Table 3. 



Table 3 



UFR 


Plasma albu- 
nrtin permea- 
tion blockage 


Pz-MG sieving coef- 
ficient (//>WVD) 


Kq (urea) {in-vitro) 


Blood resi- 
due {in-vivo) 


in- vitro 


in- vivo 


in- vivo/ in -vitro 










42 


19 


0.45 


96.5% 


0.47 


0.052 (cnrVmin) 


good 



Example 4 

To 100 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 
55.2%. there was added 208 parts of an additive prepared by mixing 72% of polyethylene glycol with a molecular weight 
of 400, 5% of diglycerin, 13% of glycerin and 10% of 1 .4-butanediol in terms of weight ratios, the components were 
mixed and melted in an extruder at 1 80-2 1 5<'C, and the mixture was spun by discharge through a nozzle for hollow fibers 
with a double fork: slit while Introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to 84''C, and after addition of glycerin to the hollow fibers in an 
amount of about 1 30 PHR and drying, the fibers were bundled to assemble a blood purifying apparatus with a membrane 
area of about 1 .5 n^. The inner diameter of the hollow fibers was about 1 98 iim, and the membrane thkdeiess was 1 3.5 
|im. 

The performance of this blood purifying apparatus is shown in Table 4. 



Table 4 



UFR 


Plasma albu- 
min permea- 
tion blockage 


pz-MG sieving coef- 
ficient {in-vivo) 


Ko (urea) {in-vitro) 


Blood resi- 
due {in-vivo) 


in-vitro 


irhvivo 


in-vlvo/in -vitro 










43.6 


19 


0.44 


95.5% 


0.49 


0.056 (cnVmin) 


good 



^mpie? 

To 100 parts of cellulose diacetate with an average polymerization degree of 170 and an acetylation degree of 
54.8%. there was added 1 60 parts of an additive prepared by mixing 78% of polyettiylene glycol witti a molecular weight 
of 400. 13% of diglycerin and 9% of 1 ,4-butanedlol in terms of weight ratios, and spinning was performed by tiie same 
procedure as in Example 1 to obtain hollow fibers. 

The hollow f ibers were also treated witii viater heated to SO^'C to extract tiie additive, and glycerin was added in an 
amount of 95 PHR. The fibers were then bundled in groups of about 1 1 ,500 to assemble a blood purifying apparatus 
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with a membrane area of about 1 .5 nrf2. The performance of this blood purifying apparatus is shown in Table 5. 



Tables 



UFR 


Blood residue (ifhvivo) 


in- vitro 


irhvivo 


irhvivofin-vitro 




12.0 


10.0 


0.83 


good 



Comparative Examole 1 

To 1 00 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%, 
15 there was added 2 1 0 parts of an additive prepared by mixing 50% of polyethylene glycol with a molecular weight of 400, 
25% of diglycerin and 25% of 1 ,4-butanediol in terms of weight ratios, spinning was performed by the same procedure 

as in Example -I vand then the additive was extracted-with.water.heated.to.90°C..glycerinm^ f ibiars were 

dried and bundled to assemble a blood purifying apparatus with a menlbrane area of about 1 .5 trt^. The glycerin attached 
in an amount of 1 45 PHR, The inner diameter of the hollowf ibers was 205 p^m. and the membrane thickness was 1 2.5 ^im. 
20 The inner surface and cross-section were observed with a high-resolution SEM as in Example 1 . The inner surface 
had a large Irregular streak along the direction of the fiber axis (see Fig. 6). and observation of the cross-section (see 
Rg. 7) revealed considerable variation in the pore system. In the /n- wVo evaluation, the blood residue was judged to be 
very poor. 

The performance of this blood purifying apparatus is shown in Table 6. 
25 The in-vivo/irhvitro UFO ratio was very small, clogging occurred in the in-vivo evaluation and the plasma albumin 
permeation blockage was also low, showing that the desired type of menrlbrane had not been obtained. 



Table 6 



UFR 


Plasma albumin per- 
meation blockage 


Pz-MQ sieving coef- 
ficient {in-vivo) 


Blood residue {in-vivo) 


irhvitro 


ifhvivo 


in- vivo/ in -vitro 








67 


17 


0.25 


88% 


0.5 


poor 



Comparative Example 2 

40 To 100 parts of cellulose diacetate with an average polymerization degree of 170 and an acetylation degree of 
54.8%, there was added 150 parts of an additive prepared by mixing 87.5% of polyethylene glycol with a molecular 
weight of 400 and 12.5% of diglycerin in terms of weight ratios, and spinning was performed by the same procedure as 
i n Example 1 to obtain hollow fibers. The hollow fibers were also treated with water heated to 70*C to extract the additive, 
and glycerin was added. The glycerin attached in an amount of 89 PHR. 

45 The fibers were then collected in bundles to assemble a blood purifying apparatus with a membrane area of about 
1.5rrt2. 

When the cross-section was observed by high-resolution SEM in the same manner as in Example 1 (see Fig. 8), it 
was found that the polymer had aggregated too densely and the proper porosity had not been achieved. In addition, the 
actual measured value of the Pz-MG sieving coefficient of the membrane was very small at 0. 1 5, showing that the desired 
so performance could not be obtained. 

INDUSTRIAL APPLICABILITY 

The present invention provides a cellulose acetate-based hollow fiber blood purifying membrane which undergoes 
55 little change in separation performance with time when used for blood purification procedures and which has excellent 
separation properties, and it may thus be used witii advantages in the medical industry. 
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Claims 

1 . A hollow fiber blood purifying membrane characterized by being a hollow fiber membrane substantially composed 
of cellulose acetate, by having a substantially non-oriented distribution of cellulose acetate polymer particles on the 
inner surface of the hollow fibers, having a dense layer with a thickness in the range of 30 to 1000 nm on both the 
inner and outer surface of said hollow fibers and a porous structure which is substantially uniform at the memtxane 
wall between the two dense layers, and by having an in vitro ultrafiltration rate (UFR) of 10 to 50 ml/nl^-mmHg-hr 
and a {in vivo UFR)/(/n vitro UFR) ratio of at least 0.3, a blood plasma albuntin permeation blockage of at least 90%, 
and an in vivo Prn^roglobulin (PrMQ) sieving coefficient of at least 0.4. 

2. A membrane according to Claim 1 , wherein the Inner surface of said hollow fibers is substantially flat 

3. A membrane according to Claim 1 or Claim 2, wherein said in-vitro ultrafiltration rate (UFR) is between 15 and 35 
mWfTfZ-mmHg-hr. 

4. A membrane according to any of Claims 1 to 3, wherein said [in vivo UFR)/(/r} vitro UFR) ratio is at least 0.35. 

5. A membrane according to any of Claims 1 to 4, wherein said bkxxl plasma albumin permeation bk)ckage is at least 
93%. 

6. A membrane according to any of Claims 1 to 5, wherein the acetylation degree of saki cellulose acetate is 50-58%. 
and the polymerization degree is 160 to 400. 

7. A process for producing a hollow fiber blood purifying membrane, characterized in that a mixture containing, with 
respect to 100 parts by weight of a cellulose acetate polymer, at least one type of water-soluble polyhydric alcohol 
with a thermoplasticizing effect on the cellulose acetate polymer and a solubility parameter of less than 10 (X parts 
by weight), at least one type of water-soluble polyether with a solubility parameter exceeding 14 and at least one 
resklue comprising glycerin (Y parts by weight), and at least one type of water^oluble polyhydric ateohol with a 
solubility parameter in the range of 1 0 to 1 4 (Z parts by weight), in the ranges specified by the following inequalities 
(D-fiii). 

120gX + Y + Zs250 (!) 

10s Ys 100 09 

3 £ Z s 50 (Hi) 

is melt spun into hollow fibers, after which the obtained hollow fibers are subjected to extraction with a heated 
aqueous medium, and at least one type of either a polyether with at least one residue comprising glycerin or a 
polyhydric alcohol, which is water-soluble and harmless and has a solubility parameter exceeding 14, is attached 
thereto; 

8. The process according to Claim 7, wherein the amounts X, Y and X of the components of the additive with respect 
to 100 parts by weight of the celluk)se acetate polymer are in the ranges specified by the following inequalities 0- 
1)tofiii-1) 

160sX-i-Y4-Zd240 (i-1) 
10sYg80 OM) 
3sZs35 (iiM) 

9. The process according to Claim 7, wherein saki water-soluble polyhydric alcohol with a solubility parameter in the 
range of 10 to 14 is an aliphatic glycol of 4 to 6 carbon atoms. 

10. The process according to Claim 7, wherein sad water-soluble polyhydric alcohol with a solubility parameter of less 
than 10 is a water-soluble polyhydric alcohol with a molecular weight of at least 200. 
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1 1 . The process aocording to Claim 7, wherein said mter-soluble polyether is a polyether represented by the following 
formula 

CH2-O -f-CH2-CHR»-OtrH 
CH — 0 -f-CHj-CHR^-O^-H 
CH2-O -<-CH2-CHR^-(>>7-H 

where Ri , R2 and R3 may be the same or different and each represents H or -CHa. and a. b and c are each 0 or 
natural numbers, satisfying the inequality 1 €a + b + C€20,a polyether which is a glycerin polymer with a polym- 
erization degree of 2 to 20, or a mixture thereof. 

12. The process according to Claim 7, wherein said heated aqueous medium is water heated to 70-88*C. 

13. The process according to Claim 7. wherein the acetylation degree of said cellulose acetate is 50-58%, and the 
polymerization degree is 1 60 to 400. 
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Fig.1 
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Fig. 2 
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F i g. A 
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F i g.5 
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Fig.6 
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F i g.8 




19 



EP0 697 242A1 



INTCRNATIONAL SEARCH REPORT 



Inienutionil appliatioii Na 

PCT/JP95/00339 



A. CLASSinCATlON OF SUBJECT MATTCR 

Int. Cl^ B01D71/16, B01D69/08 
Aooording to iDtenntional Piteat Omificition (IPC) or to both 



naliccial dusinatioo ind IPC 



B. FIELDS SEARCHED 



MininuD doounentitioa turched (cUsaifiettioa tystem Mkmcd by 

Int. 01^ B01D71/16, B01D69/08 



tymboU) 



DocuBentstioii midwd other this i 



todwi 



I thttfiiGh docoBcott m todiided in the fieldi 



Bcdroiiic deli beac ooosulttd dariag the iotefaatiooei seeich (Dime of dab hue aod, when pncticible, March lenDS ned) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Oicgory* 



Giatioo of documciil. with iodiotioD, wbeie appropriate, of the rdevant pasugea 



RetevantiDclaiiDNo. 



A 
A 
A 



JP, 3-33208r A (Teijin Ltd.), 

February 13, 1991 (13. 02. 91) (Family: none) 

JP, 2-268767, A (Teijin Ltd.), 

Noveznber 2, 1990 (02. 11. 90) (Family: none) 

JP, 1-8976, A (Teijin Ltd.), 

January 12, 1989 (12. 01. 89) (Family: none) 

JP, 62-42705, A (Teijin Ltd.), 

February 24, 1987 (24. 02. 87) (Family: none) 

JP, 59-199807, A (Teijin Ltd.), 

November 13, 1984 (13. 11. 84) (Family: none) 

JP, 59-49806, A (Teijin Ltd.), 

March 22, 1984 (22. 03. 84) (Family: none) 



- 13 

- 13 

- 13 

- 13 

- 13 

- 13 



n Further documeatt are lialed in the cootiBaatioD of Box C See patent faoiily annex. 



• Special GUKforis oC died dwoawatt: 

"A** 4ocui>eaf deftBiBglbeteaeimlittteef iheenwIikbbBotooBsideied 

10 be of partiaUar rdevaaee 
*^ earlier docnaieai but pablbhcd oe or after ibe iateniatiooal fiUag dale 
n." docuoeatwfalcbmey fhmdoHfala OB priority ciiia(8) or wbiehb 

died lo esteblUb ibe puUicatioo date of aaoltaer dtuioa or othar 

epedai icaaoe (aa apeafled) 
**0** doottseat ic£erria| m aa onl disdosiue, nee, cxhiUtiDa or other 

doGBDeei paUUtaed prior to Ibe ietemadosal (iliag date but Uter ibae 
the priority due cUisMd 



*^ lesadocuaeMpebUibedeOcrtbetelBroaiioBalfiliBgdaiae 
tfato aad BOi ia coaflid with the applicedoa bei eiied to w 
tte priadpie 01 theory vaderiyiBg Ibe iaveatiea 

"TC** docBBM&iof peftiotlariclcvaaee: ibedalmedlaveaiioai 
coaaidered aovel or caoool be ooeaidcred to iavolve aa 
atop vbea the docaoiest ti lakea alMO 

doameni of pefticalar ideviDoe: Ibe daimed lovcatioB c 
ooBsdered to faivdw aa laveative aiep wbea iba doe 
eombi Md with ooe or laofe oAer aacb d oc a ai C B W , aafb eon 
betag obviooe to a peieoa akiUed ia the art 

"A" 4ooBBcat8)eaiberof tbeaaatopalealCamOy 



Date of the actual oompletioo of the totermtiooal aearcfa 

May 29, 1995 (29. 05. 95) 



Name and mailing address of the ISA/ 

Japanese Patent Office 
FacumileNa 



Date of mailing of the international search report 
June 20, 1995 (20. 06. 95) 



Authorised afGoer 



Tdephone No. 



Fonn PCr/lSA«10 (second sheet) (July 1992) 



20 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
Ql'^DED TEXT OR DRAWING 

Lif BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAiGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
UKREFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



